INTRODUCTION
The dynamic surface load problem for elastic solids has been investigated extensively because of its importance in a variety of engineering applications including nondestructive evaluation (NDE) [1] . To the authors' knowledge the theoretical solution to the problem of the anisotropic and heterogeneous plate has not appeared in the literature to date. The two-dimensional line load problem of the multilayered laminate has been considered by Green and Baylis [2] and others. The formal solution of the three dimensional problem for a multilayered, angle-ply laminate subjected to spatially periodic distributed surface loads has been given by Mal [3] . Mal and Lih [4, 5] have examined the response of a unidirectional fiber composite plate subjected to transient point and line loads.
In this paper the multiple t~ansform technique developed in Mal and Lih [4, 5] is used to calculate the spectra and time histories of the surface displacements produced by Gaussian-distributed loads on multilayered laminates. Calculations are also carried out by means of an approximate shear deformation plate theory and its accuracy is examined through comparison between the results obtained from the exact and approximate treatments.
FORMAL SOLUTION OF DYNAMIC SURFACE LOAD PROBLEM
Consider a multilayered composite laminate consisting of a stack of N laminae subjected to the surface loading {(Xl' X 2 , t) shown in Fig. 1 . A global coordinate system X(X I , X 2 , X 3 ) with the origin on the top surface of the laminate and an auxiliary local coordinate system x(Xl> X 2 , xa) in each lamina with the xcaxis along the fiber direction and the xa-axis parallel to the Xa-axis are introduced. Each lamina is modeled as a transversely isotropic and dissipative material and using the material model described in [6] .
Introducing Fourier time transforms for all time-dependent variables, the equations of motion become (1) where Pm is the density, aij m(x, w), 8 i m (x, w) are the Fourier time transforms of the displacement and stress components, uij m(x, t), qt(x, w), in the mth lamina, w is radial frequency and the indices i, j take on the value I, 2, 3. These equations must be supplemented by the constitutive equations and the solution must satisfy the outgoing wave (or radiati.on) condition at large lateral distances from the load. Assuming that 'i(X 1 , X 2 , w) is the Fourier time transform of the surface loading ~(Xl' X 2 , t), the boundary conditions can be expressed in the form X 3 ·lea Fig. 1 . Geometry of the problem.
Assuming that no delamination occurs at the interfaces, the traction and the displacement must be continuous across the interfaces parallel to the XCX2 plane, i.e,
where X3 = X3 m is the location of the interface between the (m-1)th and mth layers.
In order to solve the equations of motion (1), double spatial transforms of the displacement and stress for each layer are mtroduced in the forms (4a) (4b) (4c) where ~l and ~2 are the global wave numbers in Xl and X 2 directions, respectively. The problem is then solved by the method used in Mal and Lih [4, 5] ; the details will not be repeated here. The approximate solution is also presented in the cited paper and will be omitted.
NUMERICAL RESULTS
Numerical results are presented for several locations of the field point under a normal Gaussian-distributed load over the surface of the plate. The load f3 can be expressed in the form where L is the standard deviation of the distribution. The time history of the load is assumed to be a sine cycle of duration T in the form
In all calculations the value of the parameter T is assumed to be either 0.5 p's or 2 p's, and the laminate is assumed to be a 1 mm thick graphite/epoxy composite; its elastic properties are given in [6] . The units of force and stress are KN and GPa, and 4> denotes the angle of propagation of the waves to the fibers of the top lamina.
Figs. 2 and 3 show the time history of the surface displacement, U 3 , in a [0,90]28 cross-ply at different orientations and distances with T = 0.5 p's and 2 p's, respectively. The approximate results are also presented for comparison. It can be seen that the main pulse in the surface motion is the flexural wave which is reproduced reasonably well in the approximate solution. The main difference between the motion for T = 0.5 p's and T = 2 p's is that the high frequency oscillations are absent in the latter case. Furthermore, the approximate theory underestimates the flexural wave speed in all cases. Fig. 2 . It can be seen that the arrival times of the main pulse in both case are very close; however, the oscillation of the quasi-isotropic case is more pronounced. The spectra of Figs. 3 and 4 are shown in Figs. 5 and 6 , respectively, where the 15 mm cases are omitted for simplicity. In these figures the peak spectra are associated with the high frequency oscillations of the time histories and the peak frequencies correspond to the first cut-off of higher modes in dispersion curves (c. f. [7] ).
CONCLUDING REMARKS
In this paper the elastodynamic field produced in two multilayered composite laminates by a dynamic surface load are presented. The multiple transform technique used in the calculation is able to accurately predict the displacements and stresses produced in the laminates by distributed surface loads. Although the associated numerical codes are CPU-intensive, they should be much more efficient than the currently available numerical codes for the analysis of three-dimensional models. The method can be used in NDE for analyzing the surface motion produced by contact type of transducers.
